Introduction
Urinary tract infection (UTI) is a common clinical problem in children of all age groups, consists 1/3 of bacterial infections in newborn infants. Appropriate diagnosis and treatment prevent complications such as urosepsis, hypertension, proteinuria and end stage renal disease (1, 2) . Immaturity of local immunity including low uroepithelial bactericidal activity, low secretory IgA level, decreased renal acidification and severe periurethral colonization are the major risk factors for increased susceptibility to UTI in the neonatal period (3) . Association between UTI and hyperbilirubinemia has been explained by Gorter and Lignac in 1928 (4) . Jaundice may be the first or major manifestation of UTI in the neonatal period (5, 6) . UTI may occur in 3%-21% of term neonates with unexplained indirect hyperbilirubinemia during the first 2 weeks of life (7) . Hemolysis, hepatocellular damage with impaired bilirubin conjugation and excretion, fever and malnutrition are the pathophysiologic mechanisms of hyperbilirubinemia in UTI (4) . Previous studies suggested the investigation of UTI in neonates with late onset jaundice, prolonged jaundice and asymptomatic indirect hyperbilirubinemia during the first 2 weeks of life (6) (7) (8) .
Objectives
This study was performed to identify the predictive risk factors of UTI in neonates with hyperbilirubinemia to identify those requiring early urine culture and treatment strategies. Patients with a history of previous antibiotic treatment, hemolytic disorders, large cephalohematoma or ecchymosis, gastrointestinal obstruction, multiple congenital anomalies, UTI with contaminated organisms, and other pathologic causes of indirect hyperbilirubinemia were excluded. Hyperbilirubinemia referred to serum bilirubin level more than 10 mg/dl in 2 groups as early onset during the first week and late onset after the eighth day of life. Prolonged hyperbilirubinemia was considered as jaundice lasting for more than 14 days in full term infants. Serum creatinine was evaluated based on gestational and postnatal age. UTI was defined as positive urine culture (any growth in suprapubic aspiration, >10 4 by urethral catheterization or >10 5 in bag collection of a single organism) associated with pyuria and bacteriuria. Pyuria referred to >5 white blood cells (WBC)/hpf of centrifuged urine and bacteriuria to at least 1 bacteria/hpf in an unspun urine sample. Patients were treated with ampicillin and aminoglycosides as the empiric treatment, adjusted according to the antibiotic susceptibility tests. Ultrasonography using 7.5 MHz probe was performed in the acute phase of UTI in all patients. Hydronephrosis was defined as pelvic AP diameter >5 mm. Vesicoureteral reflux diagnosed by conventional or radionuclide cystography in clinically stable neonates >1500 g after treatment of UTI.
Patients and Methods

Subjects
Ethical issues
The research followed the tenets of the Declaration of Helsinki and approved by the ethical committee of Iran University of medical sciences. Informed consent was obtained, and parents were free to leave the study at any time.
Statistical analysis
Data were analyzed by SPSS version 21 using independent t test for comparing quantitative variables and chi-square test for comparing qualitative variables. Receiver operating characteristic (ROC) curve and chi-square were used for calculating and displaying sensitivity and specificity.
Results
Common results
Mean age at diagnosis of UTI was 16.37 ± 8.86 days. Males outnumbered females (1.8/1). Hyperbilirubinemia was detected in 70% of them during the first week of life. Majority of neonates with UTI had irritability 25%, followed by poor feeding 17%, lethargy 15%, vomiting 15.2%, fever 12.5%, tachypnea 10.3%, and diarrhea 5%. Leukocytosis >13 000/mm 3 and positive CRP were the most frequent laboratory findings, respectively. None of the patients had concomitant positive blood culture with the same organism. Escherichia coli (E. coli) 36.8%, klebsiella 10.5%, enterobacter 5.3% and enterococcus 3.6% were the most common isolated organisms, respectively. E. coli was more common in both terms and premature newborns in our study. Ultrasonography showed urinary tract abnormality in 37.5% of patients. Majority of them were males with E. coli as the major isolated organism. Bilateral hydronephrosis was the most common renal abnormality in 12.8% of patients. Cystography was performed in 42% of patients, which showed vesicoureteral reflux in 64.7%, and mostly of low grade. Clinical and demographic characteristics of neonates with UTI are presented in Table 1 . 
Specific results
There was no significant difference in terms of gender, complications of pregnancy, exposure to breast milk, type of delivery, blood group, platelet count, urine specific gravity, urine PH, blood urea nitrogen and direct bilirubin level between the 2 groups of patients. Age at admission, duration of hyperbilirubinemia, total serum bilirubin, serum creatinine, WBC and Hgb were significant predictive variables in univariate analysis. However, prolonged jaundice (OR = 10.3, P = 0.001) and total serum bilirubin (OR = 5.15, P = 0.001) were independently associated with UTI in multivariable analysis (Tables 2 and 3) . WBC and serum creatinine had the most sensitivity (63.64% vs 60.87%) and age of admission the greatest specificity in diagnosis of UTI (92.31%). Age at admission and serum creatinine had the highest positive predictive value (96.43% vs 68.29%) and positive likelihood ratio (6.38 vs 1.45) in UTI diagnosis.
Discussion
This study was performed to identify the predictive risk factors of UTI in neonates admitted with hyperbilirubinemia. Screening for UTI in jaundiced neonates have been controversial in the previous studies. The majority of neonates with UTI had prolonged hyperbilirubinemia with older age at admission compared to those without UTI in our study. In addition, total bilirubin level was significantly lower in neonates with UTI than non-UTI group. Similarly, Abourazzak et al (9), showed lower bilirubin level in neonates with UTI with no conjugated hyperbilirubinemia. UTI rarely occur during the first day of life (10), and usually presents after 72 hours (11). 7.5% of our patients admitted during the first 24 hours of life. Mean age at diagnosis of UTI was 3.82 ±3.06 days and jaundice occurred in 70% of patients during the first week of life. Similar to our study, male predominance have been reported in 82% of patients less than 8 weeks in the previous studies (8, 12) , for increased incidence of structural abnormalities, phimosis, periurethral colonization and increased sensitivity to bacterial infections (13) . However, the incidence of UTI has been relatively the same in both genders in Hsieh et al study (14) . UTI occurred more commonly (10/1.45) in low birth weight infants compared to term neonates in Bilgen et al study (5) . However, birth weight and gestational age had no significant correlation to UTI in our study. Clinical manifestations of UTI are extremely variable in newborns. The majority of neonates are asymptomatic or have mild and non-specific symptoms such as fever, poor feeding, diarrhea, vomiting, lethargy, irritability and respiratory distress (15) . However, symptomatic bacteriuria occurred in 1.9% and asymptomatic bacteriuria in 0.5% of neonates with UTI in Maherzi et al study (16) . The majority of our patients had nonspecific symptoms such as irritability, poor feeding, and lethargy. Increased serum creatinine might be a valuable marker for predicting renal parenchymal involvement in acute pyelonephritis. Our investigation showed that leukocytosis more than 13 000/mm 3 and increased serum creatinine were significantly associated with UTI and consider the sensitive markers for predicting UTI. Abnormal urinalysis have been reported in 50% of asymptomatic neonates with hyperbilirubinemia and UTI. Excluding urine culture in neonates with normal urinalysis, will miss more than 50% of infections. Eighty-five percent of our patients had pyuria with significant amount of WBC in 65% of them. However, urine PH and urine specific gravity had no significant differences between the 2 groups.
Conclusion
The authors recommend routine urine culture in jaundiced neonates with leukocytosis, decreased Hgb level, increased serum creatinine and prolonged hyperbilirubinemia.
Limitations of the study
There are some limitations in our study. It had a retrospective design with small sample size. But, we tried to collect all of the jaundiced neonates with UTI during the period of study. Although supra pubic aspiration has been 
